The performance of optical systems using semiconductor lasers for communications or measurements is limited by power fluchntions. In particular, the nahual tendency of semiconductor lasers to emit on several longitudinal modes can have detrimental effects on applications. In this paper we report on the existence of deterministic nonlinear dynamics in a free-running multimode semiconductor laser. The main dynamical effects found in a set of experiments realized with several edge-emitting lasers are: (i) periodic fluctuations, in the MHz range, of each modal output, (ii) compensation in the total output which remains practically flat, (iii) the modal switching sequence follows the modal optical frequencies sequence from blue to red; when the reddest mode switches off, the sequence restarts from the bluest mode. These effects are robust against a change of the control parameters which mostly affects the number of oscillating modes. Experimentally, we have increased the p~unp current of the lasers and verified that the property of regular modal switching with flat total output is independent of the mode number, up to seven oscillating modes. For large number of modes, the fluchmtions persist but they can lose regularity in phase and amplitude. We have always noticed the almost complete extinction (more than -4OdB) of the modal switching frequency in the total intensity and the mitching sequence tliat progresses from the blue side of the optical spectrum to the red side. The frequency of the modal switching tends to increase with pumping current and with the number of active modes but it remains in the range 5 to 15 MHz. No significant difference between the power spectra of the different modal amplitudes was obsenred. These experimental results cannot be explained in the frame of the stochastic theory. We have built a model that reproduces all the experimentally observed features. Our main conclusion is that a combination of three physical mechanisms must be considered in order to explain the experimental evidence: spatial hole burning in the presence of strong & h i o n , carrier heating, and multi-wave mixing. The first problem is the mode coupling and the excited carrier population dynamics. The flat total output indicates that modal anticorrelations are nearly perfect and therefore could suggest that the laser is homogeneously excited. This assumption is reinforced by the fact that material diffusion is strong in semiconductors and should wash out the effect of spatial hole-buming induced by the cavity. However, the observation of regular antiphase pulsations in the modal outputs is in conflict with this assumption because it requires population spatial grating. To resolve this conflict, we use equations that couple the modal fields to the nonlinear modal gains proportional to the grating created by the field in a lasing cavity eigemnode and constrain the cross-coupling parameter to be very close to unity to reflect the strong diffusion. Furthermore, we assume identical modal gains and losses because the gain bandwidth is one to two orders of magnitude larger than the frequency separation among the modes. This is sufficient to induce antiphase dynamics which has been shown to occur if a certain degree of modal degeneracy is reached. The next effect is the intensity-dependant reduction of the nonlinear modal gain which results from carrier heating. We model it as an additional weak contribution to the sahuation in the modal field equations introduced phenomenologically.
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To account for the observed symmetry breaking which results in the unique switching modal sequence, a third nonlinearity is included in the model. It is the multi-wave mixing (MWM) resulting from the expansion of the nonlinear gain in terms of first-order population pulsation. MWM intmduces in a nahual way a modal gain asymmetry, already reported previously as an enhancement of the gain for longer wavelengths. Not least important is that MWM does not affect the total output, since it induces energy redistribution among the modes of the field. The asymmetry of the model results in asymmetric pulsations. 
